Gilles Laurent  by Laurent, Gilles
Magazine
R837Gilles Laurent
Gilles Laurent is a Director at the 
Max-Planck-Institute for Brain 
Research in Frankfurt (Germany). 
He grew up in Morocco and France, 
studied in Toulouse (France), did 
postdoctoral studies at Cambridge 
University and was a professor of 
Biology and Computation and Neural 
Systems (CNS) at Caltech from 1990 
to 2009. His main contributions have 
been to understanding the dynamics, 
coding and computation in the 
olfactory system. 
What led you to neuroscience? 
After high school, I decided that I 
wanted to be a veterinarian. Once 
in vet school, I realized that I lacked 
enthusiasm (to put it mildly) for 
medical practice. As a result, I 
looked for a lab at the Université 
Paul Sabatier in Toulouse to do 
some research. I did my clinics in the 
morning and skipped my afternoon 
lectures to do research at the 
university. I landed, serendipitously, in 
a department of Behavioral Sciences, 
with a very enthusiastic PI interested 
in neuroethology. 
What did you learn there? There 
was not much neuroscience going on 
there; funding was minimal, but the 
place was happy and picturesque; 
you’d hear “bon weekend!” on 
thursday mornings; the corridors 
buzzed with the sounds of fired-up 
coffee grinders, laughter and crickets. 
On Fridays, one of the staff would 
stick a long steel rod in the ground 
outside the workshop window, 
connect it to the power line and go 
out for a cigarette; one hour later, he 
would come back with an empty tin 
and fill it up with tens of earthworms 
that writhed around the rod. Then he 
went fishing. If you complained that 
nothing ever got done, you’d get a 
communist trade union on your case.
What did you do there? Well, not 
a whole lot. But I got three lucky 
breaks. The first one came when Les 
Williams, a brilliant Welsh classical 
neuroanatomist on leave from 
Germany, joined the lab. He has that 
great skill of being able to synthetize 
100 Golgis into one beautiful, clear 
Q & A and informative composite figure that was neither a schematic nor a 
direct photographic projection of any 
one single slide. He has hundreds of 
unpublished such figures in folder 
upon folder. He taught me classical 
techniques and I ended up doing a lot 
of anatomy and electron-microscopy, 
in between failed attempts at building 
DC amplifiers that would work. 
The second break was when Les 
suggested I spend a summer at the 
Max-Planck Institute for Behavioral 
Physiology in Seewiesen, the institute 
where Konrad Lorenz had done much 
of his behavioral work. That summer, 
I discovered a kind of neuroscience 
that I resonated with, a system that 
supported hard work, and I learned 
some key techniques. 
The third break was when I met 
Malcolm Burrows, from Cambridge, 
at a meeting in Glasgow a couple 
of years later. The reason this was a 
lucky break will become clear below. 
Meanwhile, I finished my PhD and 
vet training, and started working in 
a large animal vet practice around 
Bergerac, in the Dordogne. I hated 
the job: I only dreamed of my evening 
bath, where I could soak and rid 
myself of the stench of Limousine 
dung. I had written to Malcolm 
on the off-chance that he might 
have a postdoc position for me in 
Cambridge. Amazingly, one day he 
wrote back with an offer of one year’s 
funding. I took the train to Cambridge 
and never looked back. Once there, 
I learned neuroscience by osmosis 
from Malcolm, Simon Laughlin, 
Mike Bates, Roger Hardy and Mike 
Berridge, who were all across or 
down the hall. It was fantastic.
What influences shaped your 
science? I realise that much of 
what interests me about the brain 
now is not unrelated to the kind of 
science I liked reading about when 
I was a teen: dynamical systems 
and animal behavior. I knew nothing 
about neuroscience and had no 
idea you might make a career out 
of studying the brain. My current 
interests in network dynamics and 
olfaction started shortly after I arrived 
at Caltech. I can probably trace 
them back to three main papers: 
Wolf Singer’s group’s 1989 paper on 
gamma oscillations in cerebral cortex; 
Alan Gelperin and David Tank’s 1990 
paper on the collapse of oscillatory 
phase gradients in the olfactory system of the slug Limax; and Linda 
Buck and Richard Axel’s 1991 paper 
on the discovery of odorant receptor 
genes. 
What are the important questions 
in your field? To me, ‘important’ 
conjures up notions of ‘group-think’ 
and ‘self-appointed opinion makers’, 
and I appreciate neither. I am a 
scientist because I am curious, I love 
the process and I dislike routine. I 
am therefore guided more by my 
own temperament and tastes. This 
said, my interests lie with neural 
circuit computation and dynamics: 
undoubtedly, these days are very 
exciting if these topics interest 
you. The techniques for acquiring, 
manipulating and analysing neural 
activity, and for tracing neural circuits 
and connectivity are increasingly 
powerful; a new generation of 
neuroscientists with both a strong 
quantitative training and a real 
knowledge of biology has emerged. 
Caltech’s CNS graduate program 
undoubtedly played an important role 
in this cultural evolution — people 
from different areas talk to and 
understand one another. This is 
wonderful. On the other hand I feel 
that, today more so than 20 years 
ago, people tend to converge on 
the same few model systems or 
questions. I understand the rationale 
of course, but brains and life are 
all about adaptation, selection and 
evolution. We are missing a lot by not 
exploiting this diversity. 
Do you have any heros? There are 
quite few people whose work I greatly 
admire: they pick a biological neural 
system, take it apart, understand 
it and strive to synthesize this 
knowledge in a few functional rules, 
without faddish gimmicks: Walter 
Heiligenberg, Mark Konishi, Al 
Selverston and Eve Marder come to 
mind immediately. Carver Mead, with 
his razor-sharp eye, is also one of my 
favorite scientists; no conversation 
with him is uninteresting. And Erin 
Schuman, who is my wife, and 
studies learning and memory. She 
likes to explore territories in between 
traditionally defined fields and never 
hesitates to challenge the party 
line when she feels it is warranted. 
I have the utmost admiration for 
her fearlessness, especially in 
a competitive — and quite  
chauvinistic — field such as hers.
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‘nurse’ its own seedlings.  But this 
is a controversial subject; of course, 
fungal individuals will act in their own 
selfish interests. It is not clear why 
a fungus would ever let go of the 
carbon it has captured, although some 
carbon will move back to the plant 
if it is incorporated into amino acids 
made by the fungus to give to the 
plant. Others argue that by directing 
carbon to seedlings a fungus would 
be safeguarding its future; the logic 
is complicated by the fact that these 
systems involve dozens of plants and 
at least hundreds, if not thousands, 
of competing fungal individuals. It is 
not clear whether or how one fungal  
individual would begin to feed a 
seedling that will be a habitat for many 
other individuals, as well as itself, as 
opposed to letting others do the work. 
A different way to interpret carbon 
that may move from fungus to plant is 
as parasitism of a fungus by the plant.
Do other fungal groups form 
networks? Networks are a feature of 
most fungi, including the fungi that 
infect humans and cause disease, 
and the fungi that decompose wood 
and other substrates (Figure 1B). 
The Saccharomyces cerevisiae yeast 
most familiar to scientists does not 
form networks, but many other yeasts 
are dimorphic and form filamentous 
networks in specific contexts.
Can fungal networks fuse to form a 
single cooperative system? The idea 
that independent fungi can fuse to form 
a single cooperative individual has also 
captured the popular imagination, but 
fungi have genetic systems that enforce 
recognition of self and other and so 
although individuals do fuse, it seems 
that the genomes must be nearly 
identical for fusion to be successful. In 
the genetic model Neurospora crassa, 
recognition of other is mediated by 
at least 11 (and potentially more) loci 
scattered across 7 chromosomes. 
Expression of these loci is suppressed 
during mating but, otherwise, 
genetically different cells that grow 
towards each other and initially fuse 
will rapidly die, a kind of ‘scorched-
earth’ policy adopted by the fungus to 
prevent foreign viruses and genetically 
different nuclei from invading. Alleles 
at these recognition loci present 
beautiful examples of balancing 
selection, because rare alleles will more 
efficiently recognize nonself and have 
an advantage over common alleles. 
Mycorrhizal 
networks
Anne Pringle
What is a mycorrhiza? A symbiosis 
between a plant and fungus 
(Figure 1A); these ubiquitous 
associations are found in your garden 
and in forests — anywhere there are 
roots and soil. In this mutualism a 
plant exchanges photosynthetically 
derived carbon for scarce resources, 
including nitrogen and phosphorus. 
Mycorrhizal symbioses may at times 
function as parasitisms. For example, 
when agricultural fields are heavily 
fertilized, crops will no longer require 
a fungus. The fungi cannot live 
independently of a plant and, if fungal 
individuals persist, they will continue 
to drain carbon from the crops. In at 
least one case, a mycorrhizal fungus 
now functions as a parasite and 
causes a stunt disease of tobacco. 
Understanding how to promote these 
mutualisms in agriculture is a focus 
of research because mycorrhizal 
fungi may offer a viable alternative to 
phosphorus fertilizers; as phosphorus 
becomes globally rare, alternatives 
to mined fertilizers will be critically 
needed. Frameworks adapted from 
economic models of trade are used 
to explore the contexts that may 
facilitate or limit the maintenance of 
cooperation among plants and fungi.
What are mycorrhizal networks? 
In nature, a plant will associate 
with multiple fungi and each fungal 
individual may associate with more 
than one plant. A fungal network that 
grows among different plants will link 
these plants to each other; the network 
may connect individuals of the same or 
different species. Mycorrhizal networks 
are not obvious to most because they 
are hidden in the soil.
Do these networks coordinate the 
exchange of resources among 
plants? The idea that a plant can 
direct its own carbon through the 
fungal network to another plant has 
captured the popular imagination, 
and some scientists think that a plant 
can use its mycorrhizal networks to 
Quick guideAre there any science books that you recommend? Yes, several. 
Shadows of Reality, by Tony Robbin 
(Yale University Press) is a beautiful 
book that addresses the problem of 
illustrating high-dimensional entities. 
The issue is central to the sorts 
of things we deal with in science 
today, especially so in my field. 
How do we think and make sense 
of abstract spaces? This book is a 
great introduction to the topic. It is 
beautifully illustrated — much like 
Edward Tufte’s books — but also 
filled with interesting maths, physics, 
arts and history. 
Sparse Distributed Memories by 
Pentti Kanerva (MIT Press) is a more 
technical monograph that talks 
about the structure and advantages 
of binary spaces. Kanerva is a 
computer scientist and his theoretical 
exploration arose from an interest in 
cerebellum architecture, very much 
like David Marr’s early work. A very 
interesting book to start thinking 
about memory and representations. 
Principles of Brain Evolution by 
Georg Streidter (Sinauer) is another. 
One cannot think about biology, 
or the brain, without considering 
evolution. I think that experimental 
systems neuroscientists are 
some of the biologists least ready 
to acknowledge the value of 
comparative approaches and the 
advantages of simpler systems. Our 
kind of neuroscience regrettably is 
a very parochial corner of biology. 
Reading comparative neuroanatomy 
reveals how much there remains to 
discover about brain evolution. The 
number of unresolved issues means 
that people fight over ideas. Reading 
Georg’s book is a treat, and a rare 
one with anatomy books. 
Walter Heiligenberg’s Neural 
Nets in Electric Fish (MIT Press) is 
a fantastic little book, published 
before Walter’s tragic death and 
sadly out of print when I last 
checked. It describes nearly all 
that was known about the jamming 
avoidance response of the electric 
fish Eigenmannia in 1990, and how 
one can go about understanding 
a neural system, from ecology to 
behavior, structure and computation. 
People call this neuroethology. I call it 
neuroscience, in its ideal form.
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